Waste conversions into added-value products have been observed in many fields. Bio plasticizers can be prepared with epoxidation of waste cooking oil using glacial acetic acid, hydrogen peroxide, and acid catalysts. Kinetics study of epoxidized waste cooking oil is reported in this paper. The rate constants of the epoxidation using sulfuric acid catalyst were attained about 1.4 x 10 -7 , 6.7 x 10 -7 , 6.1 x 10 -7 , 5.6 x 10 -7 , 1.9 x 10 -7 L/mol/s, and energy activation was obtained at 8.45 kcal mol-1 at range temperature of 40°C to 80°C. The research resulted the most effective catalyst is sulfuric acid followed by hydrochloric acid and nitric acid with the rate constants of 5.6 x 10 -7 , 3.9 x 10 -7 and 2.5 x 10 -8 L/mol/s, respectively. In order to confirm that the epoxidized waste cooking oil was generated by identifying epoxide production and cleavage of epoxide ring, Fourier-transform infrared spectroscopy analysis of the products was conducted.
INTRODUCTION
It has been investigated epoxidation of many kinds of vegetable oils converted into plasticizers and polymers 1 . This reaction is well-implemented reaction to obtain the epoxides from unsaturated triglycerides in vegetable oils. Previous researches have resulted in kinetics data such as rate constants of vegetable oil epoxidation, i.e. 0.39-5.4 x 10 -6 L/mol/s, 1.4 x 10 -6 L/mol/s for cottonseed oil epoxidation 1 and mahua oil epoxidation, 2 respectively. Moreover, epoxidized soybean oil have been investigated to plasticize bio-packaging composite [3] [4] [5] [6] . It has been compared to the utilization of epoxidized plant oil such as soybean oil and palm oil 4 . It revealed that the epoxidized palm oil releasing composite with highly impermeable to oxygen. This property can be a potential in the packaging of oxygen-sensitive food 7 .
Palm oil productivity in 2015 gained 55.70 million tons 8 . Palm oil ensures food security and biofuel feedstock 8 . Applying zero waste for palm oil utility can make the sustainability of the industry 8 . More 80% of palm oil is used in food chains 9 . Used cooking oil as waste represents an alternative efficient stock for triglycerides 10 . Furthermore, this waste can be utilized such as biosurfactant 10 , biodiesel with base catalyst 11 , biodiesel with a heterogeneous acid catalyst 12 , and also as bioplasticizer due to highly unsaturated triglyceride 13 . There were already investigations of epoxidized WCO by using acid catalysts 13 , and plasticizer of polyvinyl chloride films 14 . Commonly, catalytic epoxidation reaction has been conducted in presence of hydrogen peroxide (H 2 O 2 ) with many benefits such as releasing only water as side product, contains the largest amount of active oxygen, inexpensive, and less hazardous. 15 Therefore, this paper uses hydrogen peroxide as the ideal oxidant to release peroxyacetic acid in WCO epoxidation. However, there is no investigation on kinetics study of vegetable oil epoxidation, especially for waste cooking oil epoxidation. The previous result showed the oxirane conversion achieved 20% by using the catalyst of sulfuric acid in the epoxidation of waste cooking oil 13 . It could expect the demand for reactants and reaction time required to accomplish the reaction based on epoxidation data. Therefore, this paper presents kinetics parameters of WCO epoxidation in peroxyacetic acid using sulfuric acid as a catalyst through the determination of the rate constant. Moreover, functional group identification was undertaken using Fourier-transform infrared spectroscopy (FTIR) to confirm epoxidized WCO and the presence of epoxide ring-opening 13 .
EXPERIMENTAL Materials
Collected WCO was processed to separate solid impurities prior epoxidation reaction. Hydrogen peroxide/H 2 O 2 (technical grade) and alcohol (technical grade) were purchased from Brataco Chemical Store in Semarang. Ethanoic acid (pro analysis grade), sodium hydroxide (99%), potassium iodide (99,5%), cyclohexane (99,5%), nitric acid (pro analysis grade), chloroiodide solution were purchased from Merck KGaA, Germany without any further treatment. Other chemicals have been prepared under pro analysis grade from Mallinckrodt, such as hydrochloric acid, sulfuric acid, and ethyl ether. Sodium thiosulfate with pro analysis grade was also purchased from Sigma Aldrich.
Methods
The epoxidation reaction was executed in the laboratory scale by using magnetically stirred flask (500 mL) immersed in an oil bath. The flask was provided thermometer controller and water condensor. The following epoxidation method reported in this paper refers to previous research including parameters 1, 13, 16, 17 . At the beginning, double bonding of WCO was analyzed using gas-chromatography mass-spectrometry (GCMS) to determine fatty acids composition 13, 17 . Further, the composition of double bonding was used as a parameter of reaction such as acetic acid mole to unsaturated triglyceride mole with a ratio of 0.5:1 and H 2 O 2 to unsaturated triglyceride with a ratio of 2:1. Other parameters used were H 2 O 2 to acetic acid ratio of 2:1 and acid catalyst (2%). The acetic acid and sulfuric acid were poured into the flask. The solution was mixed for a half-hour under stirring speed of 120 rpm. The hydrogen peroxide was added dropwise. The end of this addition, the reaction was considered to start for a certain time duration. Prior to analysis, the extraction of free acids was undertaken by using diethyl ether then washed with hot and cold water. Afterward, the samples were analyzed for oxirane oxygen content 1 . In this paper, the first step is to determine the reaction rate. Thus, the peroxyacetic acid concentration was constantly adjusted within the reaction and regardless of oxirane cleavage due to small dissociation constant for acetic acid 5, 18 . The kinetics study follows Eq. 
RESULTS AND DISCUSSION
Waste cooking oil was analyzed the content of fatty acid confirmed by GCMS. The analysis showed that huge unsaturated fatty acids in triglycerides such as oleic acid around 50 %-w based on previous research 13 . The epoxidation experiments were executed with the following variables 13 , such as stirring speed of 1000-1200 rpm, the temperature of 50, 60, and 70°C, the mole ratio of H 2 O 2 and acetic acid to ethylenic unsaturation of 2:1, and 0.5:1, respectively. The sulfuric acid catalyst loading was used 2% of hydrogen peroxide and acetic acid in total weight. Prior to the kinetics study, the preliminary research was conducted to obtain an effective acid catalyst for WCO epoxidation in previous research 13 . The inorganic acid catalyst used were sulfuric acid, nitric acid, and hydrogen chloride. All of these preliminary research temperatures was employed at 60°C. The relative percentages conversion to oxirane content under three different acid catalysts are visualized in Fig.-1 13, 19 . The relative percentages to oxirane content was obtained with the calculation of oxirane oxygen content at the time divided by theoretical oxirane oxygen content. 1, 13, 19 Fig.-1 shows that the oxirane conversions using HCl was lower remarkable than those of H 2 SO 4 and HNO 3 at entire reaction time. Effectiveness of HCl and HNO 3 has not been effectively proven in several epoxidation reactions of vegetable oils 1 towards a maximum, and then downturn with time 13 . However, by H 2 SO 4 , the highest conversion was achieved at around 20% within 5 hours as long as nearly steep increased 13 . Side reaction denotes as epoxide ring-opening then releasing the downturn of the oxirane conversion 13 . Other research using sulfuric acid as an epoxidation catalyst was reported in other observations 1, 2 . The mechanism of epoxidation in the existing of homogenous catalyst is commonly depicted with 2 steps 18 . First, peroxyacetic acid can be formed from reaction of H 2 O 2 and glacial acetic acid. Second, the product of the first stage can react with unsaturated triglyceride of vegetable oil 18 . The epoxidation reaction involves electrophilic addition mechanism 18 . No remarkable difference in rate constants between HCl and H 2 SO 4 as catalyst for WCO epoxidation, while the lowest rate constant was obtained by using HNO 3 as catalyst 13 . Moreover, there was almost the same rate constant at a temperature of 50°C and 60°C. However, the increasing temperature at 70°C did not increase the conversion to oxirane (EP). It was assumed that the side reaction could open the epoxide ring 13 . Therefore, the number of epoxide content decreased. Natural logarithmic of subtraction of initial H 2 O 2 mole with oxirane mole can be plotted against time for three acid catalysts at 60°C and three different temperatures can be seen in Fig.-2 and Fig.-3 , respectively. The presence of acids and water in the reactant might result in oxirane ring-opening 18 . Therefore, it could decrease the epoxidized WCO yield 13 . This result was confirmed by FTIR spectra at previous research in Fig.-5 13, 17 . Figure-5 visualized the spectra of epoxidized WCO at 70°C and 50°C catalyzed by H 2 SO 4 , and un-epoxidized waste cooking oil spectra. The epoxidized WCO still stand for the C=O ester peak at 1735 cm -1 13, 17 . Unsaturated triglyceride was referred by vibration mode at 1650 cm -1 and 663 cm -1 at 70°C 13, 17 . Furthermore, vibration mode at 3410 cm -1 assigned as C=O ester was expected as the epoxide ringopening, while the presence of epoxide was indicated by the presence of peaks at 725 cm -1 and 879 cm -1 as regard epoxide ring with single substitution and epoxide ring with vibration in trans mode, respectively 23 . Oxirane compound absorbs infra-red radiation at 750-880 cm -1 and 815-950 cm -1 21 , while epoxide absorbs around at 1250 cm -1 resulted by C-O vibrated stretching and around 370 cm -1 considering ring deformation 23 . Kinetics study of WCO epoxidation catalyzed by acids could be effectively and efficiently carried out by sulfuric acid catalyst at a temperature of 60°C. However, by using 2% of sulfuric acid with a mole ratio of H 2 O 2 to unsaturated ethylenic and acetic acid to ethylenic at 2:1 and 0.5:1, respectively was obtained relative percentage conversion to oxirane about 21.69%. Activation energy can be achieved at 8.45 kcal/mol. It was concluded that WCO epoxidation by using 2% of sulfuric acid released lower the activation energy than that of other plant oils epoxidation. 2. Higher temperature above 50°C could downturn the rate constant. Furthermore, it would diminish oxirane conversion, due to opening the epoxide ring at a higher temperature. This evidence was confirmed by the FTIR spectra.
